Abstract -Enthalpies of solution at infinite dilution of electrolytes in several pure and mixed solvents, aqueous as well as non-aqueous, are discussed. Special attention is given to the peculiar properties of solutions of electrolytes containing alkyl groups, viz. tetraalkylammonium bromides. In water and highly aqueous mixed solvents, the enthalpies of solution of these compounds are strongly influenced by hydrophobic hydration. Attention will be given to the influence of size and nature of the substituting alkyl groups, to the influence of the temperature, and to the role of the cosolvent. Especially in mixtures of water and acetonitrile, the enthalpies of solution of tett'aalkylammonium bromides with large alkyl groups are extremely dependent on solvent composition and temperature.
INTRODUCTION
The energetic aspects of solute-solvent interactions can be investigated directly by calorimetric measurements of the enthalpies of solution of a certain solute in different solvents. The difference in the enthalpies of solution at infinite dilution in two solvents reflects the change in solvation of the solute. On a molecular scale this change is due to different solute-solvent interactions as well as to alterations in solvent-solvent interactions in the vicinity of the solute molecule. The solvents involved may be pure liquids or liquid mixtures, where the solvent properties of the system can be varied by changing the composition. This contribution will focus attention on the peculiar properties of tetraalkylammonium salts in water. It is wellknown, that the large tetraalkylammonium ions are hydrated in a special way, called "hydrophobic hydration" (ref. 1) . It involves a shift in the spatial and orientational correlations between the water molecules in the vicinity of the solute molecule. In most non-aqueous solvents, particularly in non-hydrogen bonded solvents, it is absent. In comparing solvents, N,N-dimethylformamide (DMF) has proven to be a suitable reference solvent in many cases. It is an aprotic, non-associated liquid with properties close to those of an ideal dipolar liquid. It is a good solvent for many solutes and completely miscible with many other solvents. Since the hydrophobic hydration of R,Nt ions eventually will disappear on addition of a non-aqueous cosolvent to water, we have used the enthalpies of solution of various tetraalkylammonium salts in mixtures of water and DMF to study the energetic aspects of hydrophobic hydretion in a systematic way. For reason of comparison other solvent mixtures were investigated also.
The enthalpies of solution discussed in this paper have been measured calorimetrically using commercially available instruments. Details about the calorimetric procedure and the purification of solutes and solvents can be found in the original work (ref. 2) . The enthalpies of solution presented refer to infinite dilution and, unless indicated otherwise, to 298.15 K.
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ENTHALPIES OF SOLUTION A N D ENTHALPIES OF TRANSFER
Standard enthalpies of solution of several alkali and tetraalkylammonium bromides in four different solvents are given in Table 1 . Besides DMF, the solvents are dimethylsulphoxide (DMSO), like DMF an aprotic liquid, N-methylformamide (NMF), a protic and chain-wise associated liquid, and water, a liquid in which the molecules are highly associated by a three-dimensional network of hydrogen bonds. Inspection of Table 1 shows that the changes in the enthalpies of solution are almost equal for all solutes if we compare nonaqueous solvents. However, for transfers from NMF, DMF or DMSO to water differences occur between alkali bromides on the one hand and tetraalkylammonium bromides on the other. The enthalpies of solution of all alkali bromides are most endothermic in water, those of the tetraalkylammonium bromides (with an only exception for Me,NBr) are most exothermic in water. In comparison with the alkali salts the hydration of the tetraaikylammoniurn ions results in exothermic contributions to the enthalpies of solution. These contributions increase in magnitude with the size of the alkyl groups and can be correlated with the hydrophobic hydration of these solute particles. Differences in the enthalpies of solution of alkali bromides and tetraalkylammonium bromides are also present in aqueous mixed solvents. the alkyl groups in pure water and in water-rich mixtures, changes in the enthalpies of solution in a mixture of DMF and water can be described as the result of two contributions. The first is due to the solvation that should occur if hydrophobic effects would be absent. It will give rise to a linear change of the enthalpy of solution as found for CsBr and NH4Br and visualized in Fig. 4 by line a. The second contribution is due to hydrophobic hydration. It is exothermic and maximal in pure water. Due to the cooperative character of hydrophobic hydration the magnitude of this contribution decreases rapidly with decreasing water content. It is reflected in Fig. 4 by curve b. The sum of these contributions is the enthalpy of solution, given in Fig. 4 by curve c. For clarity this curve is shifted slightly downwards. Generally it is assumed that hydrophobic particles in water are surrounded by a clathrate-like "cage" of water molecules. Indeed a number of organic substances, including some tetraalkylammonium salts do form clathrate hydrates in the solid state. Starting from this point of view and assuming that this type of hydration is strongly affected by addition of a cosolvent to water, several model approaches (ref. 3, 4) lead to an equation which describes the experimental enthalpies of solution over the complete mole fraction range with only two adjustable parameters :
In this equation, AsolH(M), AsoIH(DMF), and A,,,H(W) are the enthalpies of solution of the salt in the solvent mixture, pure DMF, and pure water, respectively. Hb(W) is the enthalpic contribution of hydrophobic hydration in pure water, and n is a parameter related to the number of water molecules involved in the hydration of one alkyl group.
The enthalpies of solution of n-Pr,NBr, n-Bu4NBr and n-Pen,NBr in DMF + water can be described by eq.
(1) very well. Least squares analysis in terms of this equation leads to values of Hb(W) and n presented in Table 2 , where also the mean deviations of the fits are given. Figure 5 shows the experimental results as well as the curves calculated using eq.(l). For Et4NBr the experimental enthalpies of solution in DMF + water do not obey eq. (1) at all compositions. Values of Hb(W) and n given in Table 2 are approximated from data Fig. 1 l ) , where the hydrophobic contribution is much less and the ionic charge much more dominant.
Although the trends in the values of Hb(W) and n are in mutual agreement, the magnitudes of n are too small to identify this parameter with the number of water molecules involved in the hydrophobic hydration of one alkyl group, as was done in the simplest model approach (ref. The independent solvation of the alkyl groups in the solute molecules can be investigated by studying asymmetric tetraalkylammonium bromides. One example is already given in Fig. 3 , where Hb(W) of nBuNH3Br is approximately of that of n-Bu,NBr. Other examples are presented in Fig. 6 by the enthalpies of solution of Me,NBr, n-BuMe3NBr, n-Bu3MeNBr and n-Bu,NBr. The shape of their curves changes gradually from Me4NBr to n-Bu,NBr. Actually, the curves of the asymmetric compounds can be calculated quantitavely from those for Me4NBr and rrBu,NBr by simple additivity.
Evidence has been presented (ref. 5, 6 ) that the hydrophobic hydration of n-alkyl groups in water is related to their conformational flexibility. We have studied this aspect through the enthalpies of solution of several azoniaspiroalkane bromides. These compounds can be regarded as tetraalkylammonium salts in which the composition. In DMF + water, they give curves with the familiar exothermic shift at higher xw (see Fig. 8 ).
However, the magnitude is much smaller than for the corresponding aliphatic ammonium bromides. It appears that only the results for [6.6]Br can be described satisfactorily by eq. (1) with parameters as given in Table 2 . For Substitutions in one or more of the alkyl groups may also affect the nature of the R, N+ ion. The influence of terminal OH groups is revealed by the enthalpies of solution of (2-hydroxyethylammonium) bromides. Figure  9 presents enthalpies of transfer of tetra(2-hydroxyethyl)ammonium bromide, (EtOH),NBr], triethyl(2-hydroxyethy1)-ammonium bromide, Et,(EtOH)NBr, and (for comparison) Et,NBr. For reason of clarity the results for Et2(EtOH),NBr and Et(EtOH),NBr are not shown, but they lie between the curves for Et,(EtOH)NBr and (EtOH),NBr. The results indicate that the hydrophobic contributions decrease with the number of 2-hydroxyethyl groups. The enthalpies of transfer of the compound with four terminal OH groups, (EtOH),NBr, show no sign of hydrophobic contributions at all and the curve in Fig. 9 resembles that of non-hydrophobic CsBr (see Fig. 1 ). The structural properties of liquid water change considerably with temperature and so will hydrophobic hydration. The enthalpies of solution of n-Bu4NBr in DMF + water at different temperatures reflect this change. Figure 10 gives values at 5, 15,25,35,45, and 55 "C. All curves can be described by eq. (1) with a rather constant value of n (6.4k0.4) and values of Hb(W) ranging from 4 5 . 6 kJ.mo1-l at 5 "C to -34.4
kJmo1-l at 55 "C.
Temperature has much less influence on the enthalpies of solution of Me4NBr (see Fig. 11 ). The difference between n-Bu,NBr and Me4NBr is more clearly demonstrated by the partial molar heat capacities calculated from the enthalpies of solution and visualized in Fig. 12 . With respect to heat capacities Me,NBr is not hydrophobic at all, whereas n-Bu,NBr is strongly hydrophobic. The contribution to Cp,2 due to hydrophobic hydration of n-Bu,NBr in pure water is about 600 J. Kml mo1-l. It appears that the magnitude of the inflection is strongly temperature dependent. As visualized in Fig. 16 , it changes into a local minimum at lower temperatures and at 0 "C its magnitude is about 4 kJmo1-l. Theoretically, the limiting slopes are determined by the pairwise interactions of the two solutes and are consequently equal. Within experimental error this is confirmed by the results (Figs.19 and 20) .
